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SUMMARY 


This is the Pinal Report on NASA Contraot NAS 8 - 31605 , 

Extended Analysis Of Sky lab Experiment M558 Data # A careful review of 
the data from Skylab M55& has been made in an effort to explain the 
apparent anomaly of the existence of radial concentration gradients 
whereas none should have been observed. The very close modelling of 
the experimental axial concentration profiles by the unsteady-state 
one-dimensional solution of Pick’s Law of self-diffusion in liquid 
zinc, and the condition of initial uniform concentration in the 
radioactive pellet portion of the experimental specimens would have 
precluded the appearance of such radial concentration gradients. 

A second and critical look has been taken under the contract 
NAS8-31605 a t the Oak Ridge National Laboratory (ORNL) sample- 
preparation and data- taking procedure, container effects, the effects 
of the procedure for bonding Zinc-65 to Zinc rods, and at surface 
phenomena such as surface tension in an effort to better explain the 
observed radial concentration gradients. Statistical analyses ware 
used to test the significance of the observed deviation from radial- 
concentration homogeneity. A student t - distribution test of 
significance showed that, at SOP/o or even at 80J5 level of significance, 
there were no significant deviations from uniformity in radial 
concentrations. It was also concluded that the most two likely causes 
of any deviation that existed were the zinc to zinc-65 bonding procedure 
and surface phenomena such as surface-tension and capillary action. 

Therefore, the following have been recommended: 

1. Until additional experimentation has been carried out, 
the observed radial-concentration gradients should be 
regarded as of no great significance. It could have 
been caused by statistical data scatter. 

2 . Farther ground-based experiments should be performed to 
isolate tne effects of bonding procedure. 

3 . If a flight opportunity occurs, experiments should be 
flown with an aim to idtntify the effects of surface 
tension and sample configuration similar to that of 
Skylab M558 samples. 
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Deviation from homogeneity was observed in the radial 
distribution of radio-active zinc in the Skylab K558 experiment (1). 
The present study under contract NAS8-31605 was carried out as a 
review of the data from the M558 experiments in an attempt to pin 
down the true explanation of the phenomenon observed* The radial 
distribution of radioactive zinc-65 tracer which had been observed 
in the H558 experiments had not been satisfactorily explained by 
initial radioactive zinc distribution in the samples used in the 
experiments, not by convection in liquid zinc nor by zero-gravity 
environment alone. Yet the observed distribution had been too 
pronounced to be ignored. 





Skylab M558 experiment measured self-diffusion coefficient of 
radioactive zinc in liquid non-radioactive zinc in the micro-gravity 
environment of Skylab in Outer Space. The data obtained therefrom 
had b^en modeled closely in the axial direction by Fick'a law of 
diffusion. According to Fick's lav, the geometry of the samples 
and the initial distribution of radioactive zinc tracer in the samples 
there shotila have been uniform radial radioactive zinc distribution. 
There should have been no radial concentration gradients. The 
gradients should have existed in the axial direction only. However 
marked concentration gradients were observed on all three zinc 
ampoules returned from Sly lab. All attempts in this 2 }. month study 
to find, for the observed data, explanations more plausible than those 
already advanced by the principal investigator of experiment 1*558 
(Ref.l) and by the scientists at Oak: Ridge National Laboratory who 
fabricated the camples have not completely resolved the issue. 










The review of the K556 data was performed in the following 
sequence: 

Review of Oak Ridge national Laboratory (ORIIL) Sample . . 

preparation and data-taking procedures for sources of error. 

Container effects on the Zn-65 distribution. 

Effects of the Zn-65 to Zn bonding procedure. 

Error analysis on the Skylab M558 data in order to determine 
whether measured radial inhomogeneities can be accounted for 
by scatter in the data. 

s 

Evaluation of the results of the foregoing studies to 
determine whether they adequately explained the Zn-65 radial 
distributions. 

Consideration of any other factors which might have influenced 
the radial distribution observed. 

r 

Recommendation for or against further studies possibly 
involving computer modeling of the mass transport evidenced 
in the Skylab samples, including possible convective effects. 


Equipment 

No new eq\xjpmcnt was allowed for under the contract NAS8-31605 and 
none was purchased. None va3 found necessary within the scope of work 
of this contract. However a digital computer was used to run short 
programme to solve Pick's lav/ of diffusion equation and to make statistical 
error analyses. 

1 . Review o f CURL Samnln Preparation and Data-taki ng p-»-o endure 
for Sources of Error 


The scientists at ORHL who prepared the samples and suctioned them 
for data taking, (D. N. Braski, E. H. Kobisk, et. al.) were contacted about 
their procedure. They hed nothing new to add to what they had reported 
in Bef. 2 and 3 about their procedure. Their data-taking procedure ray 
be summarized as follows: 
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Bef're a sample was sectioned for activity counting, its overall 
activity was measured in a gross ionization chamber; its length and 
average diameter was measured using a direct reading caliper, and its 

weight was determined using a Mettler M-5 microbalance. 

• 

For precise sectioning and counting of activity, the sample was 
machined into approximately fifty 0.10-cui (O.OljO-in. )-thick transverse 
sections which were accurately indexed. An Edelstaal Uninat jeweller's 
lathe with ultrasharp tool bit was used to cut the transverse sections 
into shavings which were quantitatively collected and h*at sealed in 
preweighed plastic envelopes. Each envelope containing zinc sample 
shavings va3 subsequently reweighed to determine the zinc weight by 
difference. Every sixth or seventh section was machined off into three 
approximately equal parts by weight in radial portions. The three 
radial sections were labelled "outer" (0) , "middle" (li), and "inner" (i) 
radial sections (Appendices A,B,C of Ref. 2). The gamma intensity of 
each envelope of zinc shavings was measured using a low-1 evel gamma-ray 
spectrometer coupled with a Nuclear Bata 14*20 mini-computer supteo for 
rapid data collection, analysis and storage. The intensity in micro-curie 
was divided by weight in grans to get the concentration of the section in 
/.lCi/gm. The concentration was then plotted against the location of the 
section on the zinc cylinder. 


Table 1 sum.mrizes the over-all losses in weight and radioactivity 
due to lost zinc shavings. 


TABLE 1 


Zinc Cylinder Bata Prom Skylab I -’558 




Capsule No. A6 

Zn V.'t before sectioning (gm) 13*5807 


13.63U9 13.3650 


Zn l/t After Sectioning (gm) 13*1595 13*2675 13*0177 

$io Yit Loss to Sectioning 3*1 2.7 2.7 


Activity Eefore Sectioning (wCi) 8.3U 
Activity After Sectioning (uCi) 7*66 
f/ > Activity Lons to Sectioning 8.1 


6.699 


6.223 


Biscussions v:ith the investigators at ORNL revealed the following 
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1. The samples had been destroyed as radioactive waste soon 
after the filial report was written on M558. After all the camples had 
been destructively tested and the activity had decayed to very low 
levels in the intervening time after the final report had been in. 
Therefore no useful purpose would be served in preserving the cut-up 
samples. The loss of the samp -1 ®:; meant that no additional check could 
be made on the accuracy of the measurements repoi’ted. 


2. Great care had been taken to measure the data accxirately. The 
weighing was accurate to 10-** gm and the activity could be measured to 
5(lO-h) jaCi. It was also pointed out that since only the weights and 
radioactivities of those samples not lost to sectioning were actually 
used in determining the concentration (jiCi/gm), it was not important 
that some small amount had been lost. The activities and the weights 
of the lost dust were not included in the data reported*, thus the data 
had been normalized anyway. 

3. A careful look at the radial data given in Pig 20 to 22 revealed 
that nearly all of the observed radial distribution anomalies occured 
near or at the Zn-6£ and ordinary Zn bonding line in all three Skylab 
samples tested. This phenomenon would tend to rule out causes due to 
error in data analysis by sectioning. It would rather tend to point to 
effects of the method of bonding of the Zn-65 to the Zn pellet, and also 
to surface and heat-transfer phenomena. 


Container Kffects on the Zn-6 C > Distribution 


During the fabrication of the Skyjab K55° samples, the Zinc rod 
with its bonded Zn-6£ nolle t was surrounded with a graphite sleeve so 
as to prevent liquid zinc from wetting find sticking on to the enclosing 
tantalum tube on solidification. However, since the graphite sleeve was 
porous, there was the opportunity for the liquid near the surface to 
travel by carpillary attraction through the pores find by surface tension 
up the wall of the ampoule. Such a surface phenomenon could c.ccoTint 
for the sudden high concentration of tracer found near the surface* next 
to the graphite walls. In addition, the small space tolerance betve< n the 
zinc rod M nd the graphite walls which hod been put in to allow for 
volume eroancion on moltin'’, could also c .use an initial forcing of liquid 
zinc up between the graphite wall red the still-solid zinc. The sudden 
increase in volume on melting meant that the solid zinc was heavier than 
the liquid zinc with the result that sjlid zinc would slowly sink into 
the liquid zinc. Minor perturbations and displacemer t of radioactive 
zinc would occur. However, this last argument does not adeq\;ately r*r plain 
the observation that the medial anomalies occurcd in all three serples 
representing the three c-xsec, Zn melting first, in-between, and last. 


J 
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If this argument were adequate, then the renuli9 should have been 
more pronounced in the case where Zn-65 pellet melted first than in 
the case where it melted last (Pig. 22 and 20, respectively. Ref. l). 
Therefore, ve believe that laboratory experimentation and simulation 
should be performed to test these theories of surface and container 
effects. Unfortunately, the present contract did not allow for such 
a detailed accurate analysis. 
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3 . Effects of Method of Ponding Radioactive Zinc to Ordinary ".in c 

A careful review of the procedure for bonding the radioactive 
zinc-65 pellet to the non-radioactive zinc rod in the fabrica -1 ion of 
the samples has led us to strongly believe that it could have been a 
major contributor to the observed radial anomalies. Briefly, the 
samples were bonded according to the following procedure. 


A 5-ion capacity hydraulic press and a hardened steel die with 
a 0 , 72 -cn-diam ram (zinc specification) were used to cold- join the 
specimens. To join A-type specimens (Fig. la), the mating surfaces of 
the Ziro-65 pellet and a Ij.Olj-cr.-long rod of zinc were first lightly 
abrated on 600-grit emery paper and then etched in acid solution. The 
zinc bar was then inserted in the die on top of the bottom ram with the 
abraded sin. face upwards. The Zinc-65 pellet was then inserted in the 
e, followed by the unper ram, and the entire assembly was placed in 
the hydraulic press. A compression pressure at the zinc interface of 
1.61337(105) Kil/m 2 ; to 1.8 31*00(1 q5) ni/m 2 (that is 23,100 psi - 
26,600 psi) generates* hy the press was sufficient to produce a cold- 
welding bond between the zinc bar and zinc-65 pellet. The 3-type 
specimens (Fig. 1b) were joined in a similar manner, except that two 
bonding operations were needed. The second bonding required a higher 
compressive pressure to cfJeci, bonding due to work hardening of the 
pellet from the first bonding operation. When the bonding process 
failed drring the first operation, a higher pressure was again needed 
to effect bonding during subsequent operations., as a result of work 
hardening. 


The pellets bulged slightly after bonding because of the compression 
ed. They had to be etched in acid thereafter in order to get back to 
the difj'.eter before bonding. 

From the foregoing outline of the bonding process, it was evident 
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The short co: "outer pro/rran, vhich h\l been v: f l to evaluate the 
onc-dirensional unsteady stutr Pick's law of diffusion in the 
theoretical analysis of the Fo!>9 data, was rer : n and checked for error 
;;o errors were found ar.d the re r.c- results r< ••art* d in Reference 1 and 
shown in Fi t ;, 16 to Fi*.. 18 were obtained again. Thw experiri lt&l dat 
in th« axial M w *c w< 1 1 • - ■ 3 'a law i ition. 


t , : ' i ; al tests of si Lfi • : • 

were rude to check whether cal calated data and the e:- pwri^ental data 


i ■. ( ' ' recti i : ed si the t . r< 

of the statistic- l test confir.W that th two remit" wee indeed the 
earns, Faire of data at 25 location? were tested and hud been ro 





selected as to cover the entire observe.’ region of the* data. 
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Similar testa were made in the r&dlal direction to test 
whether the radioactivity concentration at a given location for the 
central core (Owaa indeed the same as the concentration for the enter 
section (0). Only six or seven pairs of data points were used in these 
cases since only six or seven radial data had been obtained for each 
sample during the sectioning process* At a given percent level of 
significance, the following equations were used to calculate t for 
comparison with t in statistical tables* 



where 

s * standard deviation 
d = difference * 0 - i 
n ** number of pairs of data points 

Table 2 illustrates such a calculation made on sample A7 radial data. 



Degrees of freedom = a-i ** $ 
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HAS8 * 3160$ 


At 9054 significance level, t (table) m £ 2*01$ 

At &&/* significance level, t (table) ■ +. 1*478 

• 

Bence even at 80% significance level, there is no 
• significant difference between inner core concentra- 

tions and outer core concentrations. 

Table 3 summarizes the results of the statistical tests of significance 
for each of the three Sky lab samples A6, A? and B$ as tested between 
inner core concentrations and outer core concentrations. 


TABLE 3 


SAMPLE 

t( calculated) 

Degrees of 
freedom 

(n-l) 

t (table) 
at at 

9054 80% 

Conclusion 

Drawn 

A 6 

+ 0.777 

6 

+1.943 +1*440 

no difference 

A 7 

- 1.283 

5 

Hh 2.01$ + 1.478 

no difference 

B 5 

+ 1.870 

5 

+ 2.015 + 1*478 

no difference 
at 9C$ 


No significant difference could be determined betweer the concentrations 
of the inner core arid that of the outer core even at 80% level of 
significance. The only exception is for sample which shows no 
significant difference at 90/3 level of significance but at 80% level of 
significance shows significant difference. This may be the effect of the 
double bonding process on specimen B, The results of the statistical 
tests indicated therefore that the observed radial distribution was 
probably due to data scatter. 





COIJCLUSICKS 


A 3 a result the present study and review, the following 
conclusions have oeen drawn. 


1, Statistical tests alone would indicate that no statist 
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2. Further ground-basea experiments should be performed to 
determine how the bonding procedure can affect the initial 
distribution of zinc-65 before it is subjected to a melting process. 


3. If an opportunity to fly another Space experiment of this 
type comes up perhaps in the 1 980 1 s, such an opportunity should be 
utilized to fly an experiment that would try to determine the effects 
of geometry and surface and temperature phenomena on the observed 
radial concentrations. Proper design to isolate these possible 
causes for study could yield a definitive answer to the puzzle 


should be regarded as not of great significance. It could be 
explained by error due to statistical data scatter. 
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